INTRODUCTION
============

Selection in commercial herds of dairy cattle in Brazil is based almost exclusively on production traits, especially those directly related to the increase in income from dairy farming (volume, fat and protein of milk), while improved milk composition may receive higher premiums depending on the region ([@b6-ajas-28-4-476]; [@b1-ajas-28-4-476]).

Some studies ([@b10-ajas-28-4-476]; [@b22-ajas-28-4-476]; [@b15-ajas-28-4-476]) have shown that production traits are negatively associated with many type traits. Once adequate selection is carried out, these can effectively contribute to the improvement of milk quality by reducing the incidence of problems related with udder health at calving, as well as the locomotor system, among others, in addition to providing comfort for the cow due to lower production stress, ensuring that animals in the herd become increasingly healthier ([@b29-ajas-28-4-476]).

According to [@b9-ajas-28-4-476], when selection for linear type traits is associated with production traits, greater economic efficiency can be expected. This occurs mainly through the reduction of production costs; for example, those related with veterinary care and medications as well as increasing the productive life of cows in the herd.

Another important point is the growing demand for good management practices and their influence on productivity and welfare of cows managed in production systems in Brazil ([@b8-ajas-28-4-476]) to meet increasing domestic and external demands as established by Normative Instruction 62 ([@b3-ajas-28-4-476]).

Many of the type and production traits are inherited independently and, therefore, selection should be practiced on both ([@b32-ajas-28-4-476]). However, the mean to low heritabilities hinder direct selection for linear type traits ([@b27-ajas-28-4-476]). A selection index that weights linear type and production traits according to their economic importance is being used as an alternative in many countries ([@b31-ajas-28-4-476]).

Few studies have been carried out aimed at simultaneous estimation of genetic parameters among linear type and production traits in dairy cattle in Brazil. These include [@b18-ajas-28-4-476], [@b13-ajas-28-4-476] and [@b11-ajas-28-4-476] with Holstein as well as [@b24-ajas-28-4-476] and [@b15-ajas-28-4-476] with Brown Swiss and Dairy Gyr, respectively. Considering the importance of linear type and production traits for dairy production, the aim of this study was estimate (co) variances, heritabilities and correlations between linear type traits with milk yield (MY), fat yield (FY), and protein yield (PY) in Holstein cows reared in Brazil, to support future implementation of selection/genetic evaluation through selection indices.

MATERIAL AND METHODS
====================

The data set was provided by the Brazilian Association of Holstein Breeders (ABCBRH), and included recording of MY, FY, and PY and type traits resulting in 71.282 records. The classifications of cows were realized by technicians of ABCBRH between 1994 and 2004 through direct or visual measurements of the morphology of animals expressed as a score on a scale which ranged from one (1) to nine (9), according to the Canadian classification system. More details can be obtained in [@b4-ajas-28-4-476].

The Brazilian system of linear type traits classification contemplated 21 traits divided in sections: conformation, rump, legs and feet, front udder, rear udder, mammary system and dairy form. The linear classification records were first edited in SAS -- Statistical Analysis System, version 9.2 (SAS Institute Inc., Cary, NC, USA) to include lactation order (1 to 5), year of classification, year of calving (1994 through 2004) and final score (57 to 90 points) with a single classification per cow. Subsequently, the number of classifications per classifier and size of contemporary group of animals (herd-year classification) was edited, eliminating those groups that did not contain at least two observations and two progenies per bull in at least two herds.

The classification of each cow was used if held between the first and tenth month of lactation. Ten monthly classes were formed related to stage of lactation of cows at the time of their classification, these being between 5 and 305 days in milk. This led to a file containing 26,558 linear classification records of 21 traits with scores ranging 1 to 9, as well as the final score, that expresses the balance between all type traits. Finally, the classification and production files of the cows were joined, with animals belonging to contemporary groups that did not contain at least two classification per herd-year for type traits and two calvings per herd-year for the productive traits again and a minimum of two progeny per bull in two herds being eliminated, resulting in a total of 18,831 records of linear classification and of MY, FY and PY in 305 days in milk with cows aged 18 to 112 months, daughters of 768 bulls, measured in 495 herds in the period 1994 through 2004. The months which included the classifications and/or calving were grouped into four seasons (January to March, April to June, July to September and October to December).

The bivariate model was used for estimation of genetic parameters for linear type and production traits included the fixed effects of herd-year classification (2,485), period of classification (4), classifier (13), stage of lactation (10) and age of cow at classification (covariate with linear and quadratic effects) for linear type traits and the fixed effects of herd-year of calving (1,718), season of calving (4), lactation order (5) and age of cow at calving (covariate with effect linear and quadratic), for the MY, FY, and PY. The random effects of animal and residual effects were common to both models and considered the relationship matrix that included 48,833 animals. More details can be obtained in [@b4-ajas-28-4-476]. The statistical effects described above can be represented in matrix form as follows:
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where: *y~i~* is the vector of observations to the i^th^ linear type trait (*i* = 1) and the MY, FY, and PY in 305 days in milk (*i* = 2); *β~i~* is the vector of fixed effects to the i^th^ trait; *u~i~* is the vector of random effects of animal to the i^th^ trait; *e~i~* is the vector of random effects residual to the i^th^ trait; *X~i~* and *Z~i~* are incidence matrices relating the observations of i^th^ trait to the fixed and random effects of animal, respectively. It is assumed that:
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where: *g~ij~* are the elements of the matrix G, related to the additive genetic (co) variance or effects of animals, with each element defined as: *g*~11~ is the additive genetic variance for the direct effect of linear trait, *i* = 1; *g*~12~ = *g*~21~ is the additive genetic covariance between two traits; *g*~22~ is the additive genetic variance for direct effects of production traits, *i* = 2; *A* is the relationship matrix between 48,833 animals. *r~ij~* are the elements of the R matrix, related to the (co) variance of residual effects, with each element defined as: *r*~11~ is the residual variance for the linear trait, *i* = 1; *r*~12~ = *r*~21~ is the residual covariance between the two traits; *r*~22~ is the residual variance for production trait, *i* = 2, *I* is the identity matrix which assumes independence of errors with the same variance.

Estimates of (co)variance components were obtained by the restricted maximum likelihood (REML) using multiple trait derivative free REML program ([@b2-ajas-28-4-476]) by bivariate analysis with a convergence criterion less than 10^−9^.

Additive genetic (co)variances were used in bivariate analyzes, to obtain the genetic and phenotypic correlations. Genetic variances were obtained using the initial values of the variances from the univariate analyses and after each convergence program was restarted using the values obtained in the previous processing as priors.

The heritability (*ĥ*^2^) for type and yield traits were estimated as ${\hat{h}}^{2} = \frac{{\hat{\sigma}}_{a}}{{\hat{\sigma}}_{a} + {\hat{\sigma}}_{e}}$ where *σ̂~a~* is the additive genetic variance due to the additive effects of alleles at the loci controlling the quantitative trait; *σ̂~e~* is the residual variance resulting from the non-additive genetic variances and variances caused by the environment. Genetic correlations (r̂~G(~*~xy~*~)~) between type traits were calculated as ${\hat{\text{r}}}_{\text{G}(xy)} = \frac{\text{Cov}_{\text{G}(xy)}}{\sqrt{{\hat{\sigma}}_{G(x)} \cdot {\hat{\sigma}}_{G(y)}}}$, where Cov~G(~*~xy~*~)~ is the genetic covariance between x and y traits; *σ̂~G(x)~* and *σ̂~G(x)~* are the additive genetic variances of x and y traits, respectively. Phenotypic correlations (r̂~P(~*~xy~*~)~) were calculated as ${\hat{\text{r}}}_{\text{P}(xy)} = \frac{\text{Cov}_{\text{P}(xy)}}{{\hat{\sigma}}_{P(x)} \cdot {\hat{\sigma}}_{P(y)}}$, where Cov~P(~*~xy~*~)~ is the phenotypic covariance between x and y traits and (σ̂*~P~*~(~*~x~*~)~) and (σ̂*~P~*~(~*~y~*~)~) are the phenotypic standard deviations of x and y, respectively.

RESULTS AND DISCUSSION
======================

The means and standard deviations for MY, FY, and PY in Holstein cows in 305 days in milk were 8,415.22± 1,910.17 kg, 276.89±66.63 kg and 253.56±57.21 kg, respectively. The fact that all cows in this study had their productions controlled and were classified linearly for type by Brazilian Association of Holstein Breeders (ABCBRH) technicians characterizes a genetically superior population, presumably on farms with higher technological levels, which explains the lower MY, FY, and PY reported by [@b7-ajas-28-4-476] in the genetic evaluation of the national breed.

The evolution of Brazilian milk production showed continuous growth over the past few years, accompanied by an increase in the price per liter of milk paid to farmers. However, with this growth, there has been a rise in costs ([@b17-ajas-28-4-476]), which turn, decrease profitability. One way of maximizing profit is the reduction of costs per cow. For this, a herd requires healthy cows, adapted to the environment with good reproductive capacity, ease of calving, locomotion and appropriate mammary system.

Thus, the linear classification of type traits becomes an important tool in the decision making process in the herds, as it aims to select animals that express phenotypic traits which will give greater productive life in the herd ([@b21-ajas-28-4-476]; [@b23-ajas-28-4-476]) through their improved productive and reproductive potential. [@b14-ajas-28-4-476] studied the relationship between linear type traits and longevity of cows through factor analysis and reported that selection based on the final score together with the traits related to mammary system (cows with deep, wide, soft, elastic udder, with strong central ligament, cows with good bone quality) would result in more functional cows and consequently with higher MY and productive life in the herd.

Considering the seven sections related to the type traits and the final score (FS), it is noted that, in general, the cows of this population would be classified as good (B+), as the average final score was greater than 80 points ([Table 1](#t1-ajas-28-4-476){ref-type="table"}) according to the criteria of ABCBRH ([@b30-ajas-28-4-476]).

Among the 21 type traits, the observed type traits of chest width, fore udder attachment and rear udder width ([Table 1](#t1-ajas-28-4-476){ref-type="table"}) had mean scores well below the recommended ideal score for the breed ([@b7-ajas-28-4-476]). According to [@b16-ajas-28-4-476], mammary system traits should receive greater selection emphasis when the objective is to improve type, as these are directly related to udder health and consequently to economic impacts in the dairy herd. Lower scores for these last two traits reveal some difficulty of these cows in supporting high MY.

Greater chest width is important for the physiological ability of the cow to maintain good body condition and the balance between the strength and dairy form. It also enables greater food intake. The traits related to stature, udder cleft, rump width and those of the front udder section showed higher genetic variability among the type traits ([Table 1](#t1-ajas-28-4-476){ref-type="table"}). On the other hand, the lowest estimates of genetic variance were observed for the udder texture, foot angle and top line traits which cause lower responses to selection.

The mean estimates of heritability for the 21 linear type traits and final score ranged from low (0.09) for udder texture and foot angle to high (0.38) for teat length, respectively ([Figure 1](#f1-ajas-28-4-476){ref-type="fig"}). These low heritabilities may suggest lower genetic gains, whereas improvements in environmental factors that affect the animals can lead to greater gains in these phenotypic traits. A more detailed discussion of this topic can be seen in [@b5-ajas-28-4-476] who studied the same 21 linear type traits and final score. However, a multiple trait model was used to estimate heritability simultaneously.

The magnitude of the estimates of genetic variance and heritability obtained for MY, FY, and PY suggests that genetic gain can be achieved in the population by selection for increased MY and its constituents of FY and PY ([Table 2](#t2-ajas-28-4-476){ref-type="table"}), as heritability of 0.21 obtained for MY, 0.24 for FY and 0.17 for PY infer that a considerable portion of the total variation of these traits is due to the additive effect of genes.

These values confirm those estimated for Holstein herds in Brazil and in other countries such as Iran, Colombia, Norway, United States, Denmark and France where values ranged between 0.13 to 0.44 for MY, 0.22 to 0.42 for FY and 0.09 to 0.40 for PY ([@b20-ajas-28-4-476]; [@b1-ajas-28-4-476]; [@b9-ajas-28-4-476], [@b28-ajas-28-4-476]).

In general, the genetic, environmental and phenotypic covariances from bivariate analyze between type and production traits showed small differences. The genetic covariance means ranged from negative to positive and were higher among type traits and MY compared to 305 days FY or PY ([Table 3](#t3-ajas-28-4-476){ref-type="table"}).

Inferences on the genetic relationships between these traits can be made based on the variances and covariances of each, indicating that little or no change can be observed in the productivity of cows when selection is practiced aiming at the improvement of type traits, that comprise mainly the rump, feet and legs and front udder sections and, moreover, that the prevalence of the emphasis on selection for increased MY in Brazilian herds can lead to a worsening of some of these traits, due to the direction and magnitude of their genetic correlations ([Table 4](#t4-ajas-28-4-476){ref-type="table"}).

Studies have shown that the direct selection for milk production can increase, in the long term, the deterioration of functional (fertility and longevity) and type traits, increasing the involuntary disposal of cows and significantly decreasing their longevity ([@b22-ajas-28-4-476]; [@b15-ajas-28-4-476]), which are undesirable traits.

Because of their economic importance, traits related to health, conformation, reproduction and longevity have been included in selection programs in different countries ([@b19-ajas-28-4-476]). The purpose of the inclusion of some of these traits is to improve the conformation of the cows, equipping them with a functional and reproductive body structure, enabling them to meet the challenges of increasing production.

Knowing the magnitude of the correlations between the type and production traits is important in driving the genetic selection of animals depending on trends seen in the Brazilian market, allowing for the anticipation of the future needs of the herds to obtain more efficient in production and, at the same time, lucrative.

The estimates of genetic correlations between the 21 linear type traits with yield traits ranged from −0.46 to 0.39 for MY, from −0.30 to 0.35 for FY and from −0.47 to 0.34 for PY ([Table 4](#t4-ajas-28-4-476){ref-type="table"}), with most of these correlations being less than 0.20 and the higher estimates were observed with the traits that make up the mammary system section. [@b12-ajas-28-4-476] studied several breeds in 19 countries and highlighted the low MY, along with problems related to udder health of cows, as some of the main factors that affect the longevity of cows in the herd. According to [@b27-ajas-28-4-476] and [@b26-ajas-28-4-476], among all the type traits, traits of section mammary system should receive greater weight in the selection index as they present a positive effect on productive life of cows, second only in importance to the final score.

The high and negative genetic correlations found between the udder depth with MY and FY (−0.46 and −0.47, respectively), suggest that the maintenance of the present emphasis of selection of animals for MY and FY result, as a correlated response, in deep udders, in other words, udder below the line of the hock, which could lead to health problems in the cow, such as accidental loss of a teat by stepping on it or through mastitis leading to increased premature and involuntary disposal. According to [@b25-ajas-28-4-476], Holstein cows with deep udders are commonly culled from French herds as they suffer from problems related to udder health.

As with udder depth, other traits such as the fore udder attachment, front teat placement and fore teat length, showed antagonistic genetic correlations (undesirable) with MY, PY, and FY, but close to nullity, ranging from −0.09 to 0.00. In general, genetic correlations between the type traits were more similar with MY and PY both in direction and in magnitude, than with FY.

In this sense, the loin strength stands out as a unique trait in the conformation section, which showed favorable and positive genetic correlations with the MY (0.22), FY (0.17), and PY (0.28). Thus, the selection of cows with greater loin strength and, therefore, better support for the udder, tend to present, as an indirect response, progeny with higher yields of milk, fat and protein.

The divergence in the direction and magnitude of the genetic correlation observed between body depth and FY (0.22) compared to MY (−0.01) and PY (−0.04), indicates that selection of cows with greater body depth, should result in progeny with higher yields of fat, but the same could not be verified for MY and PY.

The estimated genetic correlation between the fore udder attachment and MY (−0.09) is much lower than that observed by [@b11-ajas-28-4-476] in one of the few studies with dairy cows in Brazil (−0.31), which reported that the more strongly the udder is inserted (connected) to the belly of the cow, the lower the MY. On the other hand, cows with strong inserts are easier to keep free of udder infections and increasing their productive life, show decreased problems related to health of the cow and the rate of involuntary culling.

Moderate, positive and favorable genetic correlations observed between MY (0.22 to 0.39), FY (0.28 to 0.35), and PY (0.17 to 0.34) with loin strength, udder texture and angularity are indicative that considerable common gene action exists between the traits present in different sections, and it can be expected, to a greater or lesser degree, that the progeny of cows will show higher MY, udders with greater elasticity, larger spring of ribs and low fat deposits, leading to progeny with greater dairy ability.

The election of final score by artificial insemination centers as a marketing tool for the sale of semen from bulls in Brazil, as well as the adoption as a selection criterion by farmers over the past few years ([@b18-ajas-28-4-476]) to improve all type traits simultaneously in the herd, will not lead to significant changes in the volume (MY) and quality (FY and PY) of milk produced by cows, as a certain genetic independence (low correlated response) between these traits ([Table 4](#t4-ajas-28-4-476){ref-type="table"}) is noted, with, greater dependence between environmental factors, due to the moderate residual correlation observed between MY, FY, and PY (\>0.23).

Thus, the use of a selection index covering both productive and type or functional traits may be an interesting tool to carry out genetic selection of animals in the Brazilian herd. [@b26-ajas-28-4-476] noted that the final score has the most significant effect on the longevity of Holstein cows, followed by the mammary system traits and feet and legs.

With the exception of final score, described earlier, the angularity of the cows was the trait that showed higher residual correlation with MY (0.21), FY (0.17), and PY (0.19), followed by height and rear udder width ([Table 4](#t4-ajas-28-4-476){ref-type="table"}). Knowing that these traits have suffered, in part, less influence from environmental factors, the study highlights the need for better standardization in how to measure the production or classification of cows to minimize the influence of small environmental effects common to various production and type traits.

Residual correlation values, lower than those obtained by angularity, were observed between all the type traits with MY, FY, and PY, where most were close to nullity ([Table 4](#t4-ajas-28-4-476){ref-type="table"}), suggesting that these two categories of traits are not influenced by the same environmental factors.

For the vast majority of the 21 linear type traits, estimates of phenotypic correlations between traits with MY, FY, and PY were positive and smaller than those observed for the genetic correlation ([Table 4](#t4-ajas-28-4-476){ref-type="table"}). In general, phenotypic correlations were close to zero, except for angularity (0.25), height and rear udder width and udder texture (\>0.15). This phenotypic correlation between MY and angularity is in accordance with the values of 0.14 and 0.29 reported by [@b11-ajas-28-4-476] and [@b18-ajas-28-4-476], respectively, in Brazilian herds.

The average estimate of phenotypic correlation between final score and production traits (0.20) indicates that, phenotypically, cows with higher balance between type traits, due higher final score, tend to present higher MY, FY, and PY. According to [@b11-ajas-28-4-476], the final score deserves special attention, since this trait expresses the balance of the cow for all type traits. This balance indicates the degree of harmony between these traits, as cows with greater productive live, have better functional capacity and lower incidence of disease ([@b5-ajas-28-4-476]).

Although the genetic relationship between type and production traits suggest little genetic progress in increasing the MY of cows through indirect selection for various type traits, several studies ([@b10-ajas-28-4-476]; [@b13-ajas-28-4-476]; [@b22-ajas-28-4-476]; [@b15-ajas-28-4-476]) reported that some type traits may influence herd management and therefore should be included in the selection process, due to both their economic and animal welfare, and that, to prevent deterioration and eventually lead to improved functional traits (such as longevity), it is important to consider them for economic and social reasons.

It is important to note the increasing demand for specialization in Brazilian dairy farms, with the need to adapt to the quantitative and qualitative requirements determined by processing industries and by Brazilian government (Normative Instructions 51 and 62). The demand from dairy farmers for improvements in genetic resources of their herds can be quickly met by identifying the best animals through their genetic merit, resulting from genetic evaluations for the traits of greatest interest and that represent breeding goals for breed.

However, due to the complexity of the genetic relationships among the type traits with the three production traits (MY, FY, and PY) and the search for improvements in the sustainability of dairy cattle production, the use of index selection seems to be the most suitable tool for selection of bulls and Holstein cows in Brazil.

CONCLUSION
==========

In general, significant improvements in breeding values for MY, FY, and PY cannot be expected when practicing genetic selection for most type traits. However, considering the emphasis on selection for increased MY, applied historically to Holstein cattle in various production systems in Brazil, considerable importance should be given to genetic antagonism observed between some type traits and production traits, to avoid deterioration of these or other correlated traits (such as longevity and reproduction traits).

The estimated additive genetic variability for most type and production traits suggests the possibility of genetic improvement through direct selection. However, considering the complexity of genetic relationships between many observed traits, index selection appears to be the most suitable tool for the selection of Holstein bulls and cows in Brazil, aimed, mainly, at the increase in genetic gains in all traits of interest for the sustainability of dairy farming.

Thanks are due to the Brazilian Holstein Breeders Association for the data, the Coordination of Improvement of Higher Level Personnel and National Council of Scientific and Technological Development for scholarships.
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###### 

Average (standard deviation), ideal score, average estimates of variance components for linear type traits obtained through bivariate analysis with milk, fat and protein yields

  Type traits              Average (standard deviation)   Ideal score   Variance components[1](#tfn1-ajas-28-4-476){ref-type="table-fn"}                                                    
  ------------------------ ------------------------------ ------------- ------------------------------------------------------------------ ------ ------ ------ ------ ------ ------ ------ ------
  Conformation/capacity                                                                                                                                                                     
   Stature                 7.229 (1.287)                  7.0           0.50                                                               0.84   1.34   0.51   0.84   1.34   0.50   0.84   1.34
   Top line                5.340 (1.063)                  7.0           0.13                                                               0.63   0.76   0.13   0.63   0.76   0.13   0.63   0.76
   Weight                  6.882 (1.232)                  9.0           0.27                                                               0.77   1.04   0.27   0.77   1.04   0.27   0.77   1.04
   Chest width             5.878 (1.249)                  7.0           0.21                                                               0.96   1.17   0.21   0.96   1.17   0.20   0.96   1.17
   Body depth              6.271 (1.025)                  7.0           0.19                                                               0.66   0.85   0.19   0.66   0.85   0.19   0.66   0.85
   Loin strength           6.587 (1.230)                  9.0           0.26                                                               0.95   1.21   0.26   0.95   1.21   0.25   0.95   1.21
  Rump                                                                                                                                                                                      
   Rump angle              5.010 (0.929)                  5.0           0.22                                                               0.60   0.82   0.22   0.56   0.82   0.22   0.60   0.82
   Rump width              6.620 (1.203)                  9.0           0.35                                                               0.72   1.07   0.35   0.72   1.07   0.35   0.72   1.07
   Legs and Feet                                                                                                                                                                            
   Foot angle              5.143 (1.250)                  7.0           0.10                                                               1.02   1.13   0.10   1.02   1.13   0.10   1.02   1.13
   Bone quality            6.478 (1.287)                  9.0           0.26                                                               1.11   1.37   0.29   0.11   1.37   0.26   1.11   1.37
   Side view rear legs     5.620 (1.101)                  5.0           0.24                                                               0.91   1.15   0.24   0.91   1.15   0.24   0.91   1.15
  Front udder                                                                                                                                                                               
   Fore udder attachment   5.992 (1.514)                  9.0           0.34                                                               1.59   1.93   0.34   1.58   1.91   0.34   1.59   1.93
   Front teat placement    4.414 (1.159)                  5.0           0.34                                                               0.89   1.22   0.34   0.89   1.22   0.34   0.89   1.22
   Teat length             5.212 (1.030)                  5.0           0.39                                                               0.64   1.02   0.39   0.64   1.02   0.39   0.64   1.02
   Rear udder                                                                                                                                                                               
   Rear udder height       6.483 (1.220)                  9.0           0.28                                                               1.01   1.29   0.28   1.01   1.29   0.28   1.01   1.29
   Rear udder width        5.890 (1.445)                  9.0           0.25                                                               1.20   1.45   0.25   1.20   1.45   0.25   1.20   1.45
   Rear teat placement     6.368 (1.153)                  5.0           0.21                                                               0.94   1.15   0.21   0.94   1.15   0.21   0.94   1.15
  Mammary system                                                                                                                                                                            
   Udder depth             4.795 (1.152)                  5.0           0.27                                                               0.81   1.08   0.27   0.81   1.08   0.27   0.81   1.08
   Udder texture           6.691 (1.150)                  9.0           0.09                                                               0.89   0.98   0.08   0.89   0.98   0.09   0.89   0.98
   Udder cleft             6.398 (1.438)                  9.0           0.37                                                               1.37   1.74   0.37   1.37   1.74   0.37   1.37   1.74
   Dairy form                                                                                                                                                                               
   Angularity              6.521 (1.138)                  9.0           0.18                                                               0.72   0.89   0.17   0.72   0.89   0.17   0.72   0.89
   Final score             81.320 (3.338)                 \>80          1.16                                                               4.74   5.90   1.17   4.73   5.90   1.19   4.72   5.91

${\hat{\sigma}}_{a}^{2}$, genetic variance components; ${\hat{\sigma}}_{e}^{2}$, residual variance components; ${\hat{\sigma}}_{p}^{2}$ phenotypic variance components.

###### 

Average genetic, phenotypic and residual variance for milk, fat and protein yield in Holstein cows in Brazil

                  Average variance                                 
  --------------- ------------------ -------------- -------------- ------
  Milk yield      403,384.63         1,537,111.05   1,940,495.67   0.21
  Fat yield       588.30             1,846.80       2,435.10       0.24
  Protein yield   292.07             1,424.18       1,716.26       0.17

###### 

Estimates of genetic and residual covariances for linear type traits in Holstein cows in Brazil

  Linear type traits       Milk     Fat      Protein                   
  ------------------------ -------- -------- --------- ------- ------- -------
  Conformation/capacity                                                
   Stature                 −9.87    114.06   0.13      2.69    −0.65   4.09
   Top line                −27.77   31.30    −0.59     1.00    −0.88   1.15
   Weight                  −25.79   109.41   0.31      3.33    −1.02   4.00
   Chest width             −31.29   36.63    −0.42     2.24    −1.09   2.09
   Body depth              −2.54    88.16    2.35      3.04    −0.33   2.85
   Loin strength           70.02    106.31   3.42      1.58    1.48    2.73
  Rump                                                                 
   Rump angle              34.78    −25.55   0.58      −1.56   0.87    −0.81
   Rump width              24.51    112.22   0.76      3.07    0.42    3.32
  Legs/feet                                                            
   Foot angle              21.20    29.09    1.22      0.70    1.26    0.70
   Bone quality            58.13    117.98   2.24      2.46    1.88    3.06
   Side view rear legs     −23.28   −51.51   0.54      −2.08   −0.47   −1.67
  Front udder                                                          
   Fore udder attachment   −33.43   96.34    0.06      4.34    −0.92   3.22
   Front teat placement    −9.42    −8.65    −0.11     0.50    −0.43   0.02
   Teat length             68.4     −39.8    1.27      −1.39   1.07    −0.47
  Rear udder                                                           
   Rear udder height       65.2     170.4    2.02      3.92    1.59    4.48
   Rear udder width        60.5     262.5    2.45      6.15    1.38    7.43
   Rear teat placement     77.2     −62.4    1.71      −1.47   1.78    −1.55
  Mammary system                                                       
   Udder depth             −151.2   −106.5   −3.79     −1.85   −4.28   −2.94
   Udder texture           73.4     140.5    2.55      3.17    1.70    3.96
   Udder cleft             57.2     102.9    1.77      2.92    1.43    2.81
   Dairy form                                                          
   Angularity              102.92   222.62   2.96      6.08    2.47    6.10
   Final score             −18.32   720.12   2.39      21.16   −1.13   20.93

###### 

Genetic, phenotypic and residual correlations and their respective standard deviations between type traits with milk, fat and protein yield in Holstein cows

  Type traits              Milk yield   Fat yield    Protein yield                                                               
  ------------------------ ------------ ------------ --------------- ------------ ------------ ------- ------------ ------------ -------
  Conformation/capacity                                                                                                          
   Stature                 −0.02±0.06   0.10±0.02    0.07            0.01±0.06    0.07±0.02    0.05    −0.05±0.06   0.12±0.02    0.07
   Top line                −0.12±0.08   0.03±0.01    0.00            −0.07±0.07   0.03±0.02    0.01    −0.15±0.08   0.04±0.01    0.01
   Weight                  −0.08±0.07   0.10±0.02    0.06            0.02±0.06    0.09±0.02    0.07    −0.12±0.07   0.12±0.07    0.07
   Chest width             −0.11±0.08   0.03±0.02    0.00            −0.04±0.07   0.05±0.02    0.03    −0.14±0.08   0.06±0.01    0.02
   Body depth              −0.01±0.07   0.09±0.02    0.07            0.22±0.07    0.09±0.02    0.12    −0.04±0.07   0.09±0.02    0.07
   Loin strength           0.22±0.08    0.09±0.02    0.12            0.28±0.08    0.04±0.02    0.09    0.17±0.08    0.07±0.02    0.09
  Rump                                                                                                                           
   Rump angle              0.12±0.07    −0.03±0.02   0.01            0.05±0.06    −0.05±0.02   −0.02   0.11±0.07    −0.03±0.02   0.00
   Rump width              0.06±0.06    0.11±0.02    0.10            0.05±0.06    0.08±0.02    0.08    0.04±0.08    0.10±0.02    0.09
  Legs and Feet                                                                                                                  
   Foot angle              0.10±0.09    0.02±0.01    0.03            0.16±0.09    0.01±0.02    0.04    0.23±0.10    0.02±0.01    0.05
   Bone quality            0.18±0.08    0.09±0.02    0.11            0.18±0.07    0.05±0.02    0.08    0.22±0.08    0.08±0.02    0.10
   Side view rear legs     −0.08±0.07   −0.04±0.02   −0.05           0.05±0.07    −0.05±0.02   −0.03   −0.06±0.08   −0.05±0.02   −0.05
  Front udder                                                                                                                    
   Fore udder attachment   −0.09±0.07   0.06±0.02    0.03            0.00±0.07    0.08 ±0.02   0.06    −0.09±0.08   0.07±0.01    0.04
   Front teat placement    −0.03±0.07   −0.01±0.02   −0.01           −0.01±0.06   0.01±0.02    0.01    −0.04±0.07   0.00±0.02    −0.01
   Teat length             0.17±0.06    −0.04±0.02   0.02            0.08±0.06    −0.04±0.02   0.00    0.10±0.07    −0.02±0.02   0.01
  Rear udder                                                                                                                     
   Rear udder height       0.19±0.08    0.14±0.02    0.15            0.16±0.07    0.09±0.02    0.11    0.18±0.08    0.12±0.02    0.13
   Rear udder width        0.19±0.09    0.19±0.02    0.19            0.20±0.08    0.13±0.02    0.15    0.16±0.09    0.18±0.02    0.18
   Rear teat placement     0.27±0.08    −0.05±0.02   0.01            0.15±0.08    −0.04±0.02   0.01    0.23±0.09    −0.04±0.02   0.01
  Mammary system                                                                                                                 
   Udder depth             −0.46±0.09   −0.10±0.02   −0.18           −0.30±0.08   −0.05±0.02   −0.11   −0.47±0.10   −0.09±0.02   −0.17
   Udder texture           0.39±0.00    0.12±0.00    0.16            0.35±0.00    0.08±0.00    0.12    0.34±0.00    0.11±0.00    0.14
   Udder cleft             0.15±0.08    0.07±0.02    0.09            0.12±0.08    0.06±0.02    0.07    0.14±0.08    0.06±0.02    0.08
   Dairy form                                                                                                                    
   Angularity              0.38±0.09    0.21±0.02    0.25            0.29±0.08    0.17±0.02    0.19    0.34±0.10    0.19±0.02    0.22
   Final score             −0.03±0.07   0.27±0.02    0.21            0.09±0.07    0.23±0.02    0.20    −0.06±0.08   0.26±0.02    0.20
